23 Gauge pars plana vitrectomy for the removal of retained intraocular foreign bodies by Kemal Yuksel et al.
RESEARCH ARTICLE Open Access
23 Gauge pars plana vitrectomy for the
removal of retained intraocular foreign bodies
Kemal Yuksel1, Ugur Celik2,4*, Cengiz Alagoz1, Huseyin Dundar3, Burcu Celik1 and Ahmet Taylan Yazıcı1
Abstract
Background: To evaluate the morpho-functional outcomes and safety of transconjuctival 23-gauge pars plana
vitrectomy(PPV) for removal of intraocular foreign bodies (IOFBs).
Methods: A retrospective study of 36 consecutive cases (mean age; 34,2 ± 10,9 years (between 15 and 60),
27 M,9 F) of 23-G PPV for the removal of IOFBs during the period of April 2009 and December 2011 and followed
9,4 ± 6,4(2–27) months were conducted. Visual outcomes, slit lamp biomicroscopy, intraocular pressure (IOP), and
posterior segment visualization by indirect ophthalmoscopy, A-B mode ultrasonography, and computed orbital
tomography were performed for all cases. Main outcomes including anatomic and visual outcomes, and both
intraoperative and postoperative complications were recorded.
Results: Of the 36 cases available for the study, the IOFBs (size range, 3 to 12 mm) could be removed in all eyes.
Mean preoperative LogMAR BCVA was 1.44 ± 138 (range, 1.00 to 0.00) and mean postoperative LogMAR BCVA at
final visit was 0,78 ± 0,98 (range, 1.00 to 0.00). (P = 0,007) Anatomic success was obtained in 97.2 % of eyes. 16
patients needed primary wound repair due to the leakage in insertion sites before the PPV, however remaining 20
cases were not. Fibrin reaction was seen in 8 (22.2 %) patients in early postoperative period, intraocular pressure
elevation was detected in 12 (33.3 %) patients in which the silicone oil was used as an intravitreal tamponade, one
patient with silicone oil tamponade developed band keratopathy and phthisis bulbi.
Conclusions: 23-Gauge PPV is a feasible, effective approach in the surgical management of the patients with
posterior segment intraocular foreign bodies.
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Background
Penetrating ocular injury with an associated retained in-
traocular foreign body (IOFB) is an important cause of
blindness and ocular morbidity. It is encountered in 17–
41 % of open globe injuries [1–4]. Ocular injuries caused
by IOFBs are often associated with corneal and scleral
penetrating injury, hypheama, vitreous hemorrhage, lens
injury, retinal damage or detachment, and even more
serious complications such as endophthalmitis [5–7].
Besides the initial damage, ocular abnormalities caused
by surgical intervention and postoperative complications
can lead to poor visual outcomes.
There are many methods or techniques to remove IOFBs
[8, 9]. The surgical approaches for posterior segment
foreign bodies include vitrectomy and removal with the
help of magnet or forceps. The aim of the treatment is to
restore the ocular integrity and obtain good visual out-
comes. Recent advances in vitreoretinal surgery and micro-
surgical techniques have improved the success rate of pars
plana vitrectomy (PPV) in the management of ocular injur-
ies with retained posterior segment IOFB [10–13].
Pars plana vitrectomy results of the removal of poster-
ior segment IOFBs, have been reported before [14–16].
Removal of posterior segment IOFBs by vitrectomy is
advocated because it provides direct viewing and con-
trolled removal of the IOFB [17]. Vitrectomy, by the re-
moval of blood in the vitreous, prevents inflammatory and
fibrous responses that may lead to tractional sequel in the
posterior segment [18, 19] and allows an improved view of
* Correspondence: h.ugurcelik@gmail.com
2Department of Ophthalmology, Gaziosmanpaşa Taksim Training and
Research Hospital, Istanbul, Turkey
4Merkezefendi Mah. Mevlana Cad. Sedeftepe Evleri. Blok:96 No:26,
Zeytinburnu, Istanbul, Turkey
Full list of author information is available at the end of the article
© 2015 Yuksel et al. This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly credited. The Creative Commons Public Domain Dedication waiver (http://
creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.
Yuksel et al. BMC Ophthalmology  (2015) 15:75 
DOI 10.1186/s12886-015-0067-2
the retina facilitating treatment of retinal breaks. A pos-
sible reduced risk of endophthalmitis has been suggested
when pars plana vitrectomy is performed for the removal
of IOFBs [20]. Even numerous publications related with in-
traocular foreign bodies the 23 gauge PPV and incision for
IOFB removal has not studied in the literature [21–23].
The aim of the current study was to evaluate the anatomic
and visual outcomes and safety of transconjuctival 23-
gauge PPV for removal of IOFBs.
Methods
Study design and subjects
In this retrospective study, 36 eyes of 36 patients who
underwent 23-G transconjuctival PPV for the removal of
IOFB in Beyoglu Eye Education and Research Hospital, in
Istanbul, Turkey between April 2009 and December 2011
were included to the study group. Informed consent was
obtained from all of the subjects before the surgery. The
informed consents were written. The principles of the
study were obeyed to the declaration of Helsinki and were
approved by the Beyoglu Eye Education and Research
Hospital’s local ethic committee. Advancement in micro-
surgical techniques and successful surgical results of 23
Gauge pars plana vitrectomy in posterior segment IOFB
patients were the main rationalities of this study.
Examination protocol
Preoperative, intraoperative, and postoperative examina-
tions were retrospectively evaluated from medical re-
cords, including: demographic information, examination
details including Snellen best corrected visual acuity
(BCVA), slit lamp biomicroscopy, intraocular pressure
(IOP) measurement using applanation tonometry, and
posterior segment visualization by indirect ophthalmos-
copy. Determination of the localization and size of the
IOFB and its association with orbita, orbital radiographs,
A-B mode ultrasonography, and computed orbital tom-
ography were carried out.
Surgical procedures
23 G PPV and IOFB removal and phacoemulsification
Surgeries were performed under general anesthesia, and
phacoemulsification was performed prior to PPV. Phacoe-
mulsification was performed via a 2.8 mm clear corneal
tunnel with a standard phaco-chop technique. A foldable
hydrophilic acrylic IOL was implanted in the bag in the
event that the posterior capsule was intact. In cases with
posterior capsule defects, a polymethylmethacrylate IOL
with an overall diameter of 13 mm was placed in the
ciliary sulcus. The incision was sutured with 10-0 nylon.
23 G PPV and IOFB removal
Surgery was performed under general anesthesia or
local anesthesia. The conjunctiva was displaced using a
special pressure plate (DORC, Zuidland, Holland) over
the intended sclerotomy sites. The cannula was then
inserted at a 10–30° angle 3.5 mm from the limbus
through the conjunctiva, sclera, and pars plana. The
cannulas were placed in the inferotemporal, superotem-
poral, and superonasal quadrants. The cannulas were
inserted using beveled trocars, a single-step procedure.
An illumination probe was placed at the superonasal
quadrant, and a 23-G infusion cannula was placed at the
inferotemporal quadrant. A noncontact Biom indirect
viewing system (Oculus Inc., Petaluma, CA) was used
for visualization of the posterior segment.
All surgical procedures were carried out using the 3-
port, 23-gauge vitrectomy system from Alcon (Accurus
Vitrectomy System, Alcon Laboratories Inc, Fort Worth,
TX)using standard 23-gauge vitrectomy techniques. Pars
plana vitrectomy (PPV) was performed using a 23-G
high-speed vitrector with a cut rate of 2500 per minute
(Accurus Vitrectomy System, Alcon Inc., USA). The vi-
trectomy was performed from posterior vitreous-to-
vitreous base. The posterior hyaloid was removed using
active aspiration in cases without complete posterior vit-
reous detachment. Triamcinolone acetonide was used to
ensure that the posterior hyaloid was lifted and removed
in all of the cases. The aspiration power was 300 mmHg,
500 mmHg, and 150 mmHg, in core vitrectomy, active
aspiration of posterior hyaloid and removal of the per-
ipheral posterior vitreous, respectively. To remove the
foreign body, one of the sclerotomy sites was enlarged
like the T or L letters. With the 20-gauge forceps, the
IOFB was removed without any difficulty. Endolaser
treatment was applied with a curved 23-G laser probe
(Iridex, Mountain View, CA) to the retinal entrance of
the foreign body and other retinal breaks.
23 G PPV and IOFB removal and vitreous hemorrhage
After the sclerotomies were placed vitreoretinal proce-
dures included peeling of the posterior hyaloid membrane,
endophotocoagulation, fluid-air exchange, and gas or sili-
cone oil injection in appropriate cases were performed.
23 G PPV and IOFB removal and retinal detachment
In patients with retinal detachment the vitrectomy be-
gins with the removal of the vitreous humor, followed by
displacement of the subretinal fluid by a heavy tampon-
ade (perfluorocarbon) and scarring of the retina by laser
coagulation. The vitreous is then replaced by a tampon-
ade, which holds the retina against the underlying retinal
pigment epithelium until a scar has formed around the
retinal hole. As endotamponade, silicone oil was injected
with a 23-gauge cannula system and 10 mL injector with
an injection pressure in complex cases such as RRD with
inferiorly located breaks, proliferative vitreoretinopathy,
or severe TRD. Silicone oil was used as a tamponade in
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young adults; large holes; conditions preventing strict
facedown position; or in patients unwilling to undertake
the strict positioning otherwise gas tamponade was used.
At the end of surgery an absorbable 7-0-vicryl suture
was used to close the expanded sclerotomy site and the
conjunctiva. The remaining two 23-gauge micro cannu-
las were then removed and sclerotomy sites were also
closed with 7-0-vicryl suture. Postoperative examinations
were conducted at first day, first week, and at 1, 3,
6 months and last visit.
Main outcome measures
Main outcomes were recorded including anatomic and
visual outcomes, IOP, and both intraoperative and post-
operative complications. Anatomical success was consid-
ered the total attachment of the retina at the end of the
follow-up time. Totally or partially detached retina was
considered as failure.
Statistical analyses
Statistical analyses were performed using the Statistical
Package for Social Sciences version 20.0 (SPSS Inc,
Chicago, IL, USA). An assessment of normality was done
initially. All numerical data are expressed either as the me-
dian (minimum-maximum) or as the mean ± _standard
deviation. All categorical variables are expressed as the
number and percentage (n, %). The Wilcoxon signed-rank
test was used to compare the variables (Snellen visual acu-
ity was converted into logarithm of the minimum angle of
resolution (LogMAR) for statistical analysis) A P-value of,
0.05 was considered to be statistically significant.
Results
Demographical results
Thirty-six eyes of 36 patients were included in the case
series. Their age was 34,2 ± 10,9 (15–60) years and they
were followed for 9,4 ± 6,4 (2–27) months. The charac-
teristics of patients are shown in Table 1. The character-
istics of intraocular foreign bodies are shown in Table 2.
Previous surgeries and preoperative accompanying
diseases
Seven cases had a primary wound repair and three pa-
tients had both primary wound repair and cataract ex-
traction, which were performed by a previous medical
center before being referred to our hospital. Six cases
underwent a primary wound repair in our hospital be-
fore the 23-G TSV and IOFB removal. The remaining 20
cases did not require a primary wound repair. Accom-
panying diseases were traumatic cataract in 20 (55.6 %)
cases, vitreous hemorrhage in 12 (16.6 %) cases, retinal
detachment in 6 (16.6 %) cases, and endophthalmitis in
one (2.7 %) case.
Visual outcomes
Mean preoperative LogMAR BCVA was 1.44 ± 138
(range, 1.00 to 0.00) and mean postoperative LogMAR
BCVA at final visit was 0.78 ± 0.98(range, 1.00 to 0.00)
(p = 0,007). Ten patients (%27,8) final visual acuity were
better than preoperative values (Table 3). Distribution of
preoperative and final visual acuities were shown in
Tables 3 and 4.
Surgical procedures
Two patients underwent intraocular lens implantation in
the sulcus combined with 23-G PPV and IOFB removal.
A patient was left aphakic. Table 5 summarized the sur-
gical procedures that applied to the patients. As endo-
tamponade, silicone oil was injected in eight (22.6 %)
patients and gas tamponade was injected in 14 (38.8 %)
Table 1 Demographical data of patients
Demographics and clinical features (n = 36)
Age Years Mean ± SD, (Range) 34.2 ± 10.9
Gender Female 9
Male 27
Eye Right 54.1 %
Left 45.9 %
Intervala Days Mean ± SD, (Range) 14.2 ± 19,4(1–120)
Follow-up Months Mean ± SD, (Range) 9.4 ± 6.4(2–27)
aThe time between the injury to surgery












Table 3 Distrubition of preoperative and final visual acuities
Preoperative, n (%) Final visit, n (%) P values
HM* or less 10 (%27,8) 4 (%11,1) >0.05
CF**- < = 0.1 6 (%16,6) 10 (%27,8) >0.05
>0.1- < = 0.3 6 (%16,6) 2 (%5,5) >0.05
>0.3 16 (%44,4) 20 (%55,6) >0.05
HM hand movement; CF finger count
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patients; the remaining 14 (38.8 %) patients were not
injected any endotamponade. Seven of these patients
underwent the silicone oil removal for a mean of
6.4 months (ranging from 4 to 8 months). At follow up,
two (5.5 %) patients underwent re-vitrectomy due to ret-
inal detachment and four (11.1 %) patients underwent
phacoemulsification and IOL implantation. The mean
extracted intraocular foreign body size was 5.63 mm
(size range, 3 to 12 mm).
Intraocular pressure changes
The preoperative and postoperative IOPs were 12,1 ± 4,0
and 13,7 ± 4,0, respectively (p > 0,05).
Anatomical results
At last follow-up visit, anatomic success was obtained in
97.2 % of eyes.
Postoperative complications
Early postoperative period, a fibrin reaction was seen in
eight (22.2 %) patients. Intraocular pressure elevation
was detected in 12 (33.3 %) patients. All of the patients
with intraocular pressure elevation had silicone oil as an
intravitreal tamponade. Four (11.1 %) patients with in-
traocular pressure elevation were controlled with
medical therapy and one patient underwent diod laser
cylophotocoagulation. One of eight patients with sili-
cone oil tamponade developed band keratopathy and
phthisis bulbi.
Discussion
Traumatic eye injuries associated with intraocular for-
eign bodies (IOFBs) may result in devastating tissue dis-
ruption and severe visual loss depending on a number of
factors including the time between trauma and IOFB ex-
traction, initial visual acuity, entrance wound location,
nature of IOFB, location of IOFB, preoperative retinal
detachment, presence of intraocular hemorrhage, pres-
ence of endophthalmitis, use of lensectomy, use of an
encircling band, type of endotamponade, and primary
surgical repair combined with IOFB removal and the oc-
currence of postoperative complications. The aim of
treatment in IOFB is to restore the ocular integrity and
obtain a good visual outcome.
The majority (59–88 %) of IOFBs were located in the
posterior segment and the best management is pars
plana vitrectomy [24, 25]. Recent advances in vitreoret-
inal surgery and microsurgical techniques, using intraoc-
ular tamponade, have improved the success rate of pars
plana vitrectomy (PPV) in the management of ocular in-
juries with retained posterior segment IOFB [11, 13].
The current strategy to reduce the rate of secondary com-
plications comprises the operative removal of the vitreous,
including all proliferative mediators, and stabilization of
the retina without remaining traction. However, even ad-
vanced vitreoretinal surgery cannot prevent recurrent pro-
liferative vitreoretinopathy (PVR) with deleterious long-
term outcome including phthisis bulbi.
The 23-G vitrectomy allows for increased comfort, fas-
ter healing time, reduced corneal astigmatism, shorter
surgical time, rapid postoperative and visual recoveries,
less inflammation and less disruption to the conjunctiva
than with 20-gauge procedures [26, 27]. The smaller
port size of the instruments increases the ability to re-
move vitreous with very little traction or to remove epir-
etinal membranes without risking incarceration of the
retina in the port.
Currently, although many vitreoretinal surgeons have
accepted small gauge vitrectomy for vitreoretinal dis-
eases, usage of small gauge PPV is not widespread in the
management of ocular injuries with retained posterior
segment IOFB. There are a few published studies in the
literature for small gauge vitrectomy and posterior seg-
ment IOFB removal. Kiss et al. reported that anatomic
and visual outcomes of transconjunctival 25-gauge PPV
for treatment of IOFB removal [28]. Kunikata et al.
Table 4 Baseline and final visit BCVA of patients based on IOFB
characteristics
Baseline BCVAa Final Visit BCVAa P values
IOFB entrance
Corneal 1,22 0,80 0,029
Scleral 2,02 0,74 0,443
P1 0,568 0,183
IOFB type
Metallic 1,18 0,60 0,022
Stone 1,87 1,31 0,082
P1 0,127 0,100
IOFB Location
Retina 1,42 0,89 0,070
Vitreus 1,19 0,55 0,871
P1 0,077 0,470
aLogMAR BCVA values. P values <0.05 was considered as significant
Table 5 Surgical procedures
n (%)
Surgical
23G PPV + IOFB removal 17 (47,2 %)
23G PPV + IOFB removal + PHACO + IOL imp 17 (47.2 %)
23G PPV + IOFB removal + IOL imp 2 (5,5 %)
Intraocular tamponades
No 14 (38.8 %)
Silicone oil 8 (22,6 %)
Gas (C3F8/SF6) 14 (38,8 %)
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showed the usage of 25-Gauge micro incision vitrectomy
surgery for removal of large IOFB in two cases [29].
However, there are few published studies on outcomes
of 23-G PPV for posterior segment IOFBs [30].
In this present study, we evaluated the efficacy and
safety of 23-gauge PPV for treatment of retained poster-
ior segment IOFB. The mean BCVA improved signifi-
cantly from 1.44 LogMAR to 0,78 LogMAR (p = 0,007)
and an anatomic success was obtained in 97.2 % of eyes.
Traumatic cataract associated with IOFB is a common
problem, which ranges from 44 to 66 % [31]. In our
study, traumatic cataract was seen in 55.6 % of eyes. A
combined vitreoretinal and cataract surgery was per-
formed in these cases.
Retinal detachment associated with IOFB is the main
reason for visual loss following intraocular foreign body
injuries involving the posterior segment. Despite surgical
advances in managing posterior segment, intraocular
foreign body injuries, preoperative, and postoperative
retinal detachments remain a frequent and devastating
secondary complication. Rhegmatogenous retinal de-
tachment after penetrating trauma is rapidly and se-
verely complicated by proliferative vitreoretinopathy,
and proliferative vitreoretinopathy was the reason for
failure of retinal detachment surgery in the eyes that de-
veloped rhegmatogenous retinal detachment in other
series [32, 33]. The rate of retinal detachment associated
with IOFB ranged from 16 to 47 % [4, 21, 34]. In our
study, preoperative retinal detachment was seen 16.6 % of
eyes. Also, postoperative retinal detachments developed in
two eyes (5.5 %). Scleral entrance and foreign bodies larger
than 3 mm were associated with retinal detachment.
Visual loss may be associated with the timing of IOFB
removal, scleral entrance of IOFB, preoperative visual
acuity, and secondary complications such as endophthal-
mitis, rhegmatogenous retinal detachment (RD), intraoc-
ular pressure elavation, cataract, inflammation, or
foreign body toxicity. In a study, early surgery, good pre-
operative visual acuity, and small IOFB were indicated
as good prognostic factors [4, 35]. Our study showed
that good preoperative visual acuity associated with good
prognosis, retinal detachment and endophthalmitis were
associated with worse prognosis, and IOFB size, location,
and entrance were not associated with prognosis.
The size of the IOFB is one factor associated with
postoperative anatomical and visual outcomes. The in-
creasing size of IOFB was significantly associated with a
poor visual outcomes [36]. The size of IOFB has been
found to be a significant predictive factor of poor visual
outcome in the previous studies of IOFB removal [37]. A
large IOFB is more likely to inflict severe damage at the
time of entry because of its higher kinetic energy, lead-
ing to a poor visual prognosis [37]. However, when con-
sidering similar sized IOFBs, no particular association
between the visual outcome and the size of IOFB in eyes
that developed endophthalmitis was found in our study.
Despite these discrepancies in the influence in IOFB size
on functional and anatomic outcomes, however, IOFB
size does play a role in operative decision-making, and
should be noted carefully. In our study, the mean size of
IOFB was 5.63 mm. For removal of IOFB, a 23-G scler-
otomy was expanded like the shape of the T or L letters.
Our study had some limitations. Our follow-up period
was 9.4 ± 6.4 months; longer follow up periods were ne-
cessary for more precise results on IOFB complications.
Lack of the images for the preoperative and postopera-
tive periods of the cases were our other main limitation
in this paper. Nevertheless, our study is the first investi-
gating the 23-G PPV with IOFBs.
Conclusion
In conclusion, partial 23 gauge PPV and incision for
IOFB removal appears to be an effective and safe pro-
cedure in the management of posterior segment IOFBs.
Competing interests
This study was not supported by any company. None of the authors has
financial or proprietary interests in any material or method mentioned. This
data has not been previously published.
Authors’ contributions
Involved in design and conduct of the study (KY, UC); preparation and
review of the study (KY, UC, ATY); data collection (KY, CA, HD, BC). All authors
read and approved the final manuscript.
Author details
1Department of Ophthalmology, Beyoglu Eye Training and Research Hospital,
Istanbul, Turkey. 2Department of Ophthalmology, Gaziosmanpaşa Taksim
Training and Research Hospital, Istanbul, Turkey. 3Department of
Ophthalmology, Diyarbakir Ergani Government Hospital, Diyarbakir, Turkey.
4Merkezefendi Mah. Mevlana Cad. Sedeftepe Evleri. Blok:96 No:26,
Zeytinburnu, Istanbul, Turkey.
Received: 14 December 2014 Accepted: 8 July 2015
References
1. Pieramici DJ, Mac Cumber MW, Humayun MU, Marsh MJ, de Juan Jr E.
Open-globe injury. Update on types of injuries and visual results.
Ophthalmology. 1996;103:1798–803.
2. Agrawal R, Shah M, Mireskandari K, Yong GK. Controversies in ocular trauma
classification and management: Review. Int Ophthalmol. 2013;33:435–45.
3. Esmaeli B, Elner SG, Schork MA, Elner VM. Visual outcome and ocular
survival after penetrating trauma. A clinicopathologic study. Ophthalmology.
1995;102:393–400.
4. Zhang Y, Zhang M, Jiang C, Qiu HY. Intraocular foreign bodies in china:
clinical characteristics, prognostic factors, and visual outcomes in 1,421 eyes.
Am J Ophthalmol. 2011;152:66–73.
5. Peyman GA, Raichand M, Goldberg MF, Brown S. Vitrectomy in the
management of intraocular foreign bodies and their complications.
Br J Ophthalmol. 1980;64:476–82.
6. Alfaro DV, Roth D, Liggett PE. Posttraumatic endophthalmitis. Causative
organisms, treatment, and prevention. Retina. 1994;14:206–11.
7. Chaudhry IA, Shamsi FA, Al-Harthi E, Al-Theeb A, Elzaridi E, Riley FC.
Incidence and visual outcome of endophthalmitis associated with
intraocular foreign bodies. Graefes Arch Clin. 2008;246:181–6.
8. Chow DR1, Garretson BR, Kuczynski B, Williams GA, Margherio R, Cox MS,
et al. External versus internal approach to the removal of metallic
intraocular foreign bodies. Retina. 2000;20:364–9.
Yuksel et al. BMC Ophthalmology  (2015) 15:75 Page 5 of 6
9. Ahmadieh H, Sajjadi H, Azarmina M, Soheilian M, Baharivand N. Surgical
management of intraretinal foreign bodies. Retina. 1994;14:397–403.
10. Bencic G, Vatavuk Z, Mandic Z. Novel approach in the treatment of
intravitreal foreign body and traumatic cataract: Three case reports. Croat
Med J. 2004;45:283–86.
11. Pavlovic S. Primary intraocular lens implantation during pars plana
vitrectomy and intraretinal foreign body removal. Retina. 1999;19:430–6.
12. Lai WW, Meyers SM, Brent GF, Humayan M, Langston RHS. Management of
the retinal impact site after intraocular foreign body trauma.
Ophthalmology. 2000;107:811–2.
13. Sobacı G, Mutlu FM, Bayer A, Karagu S, Yıldırım E. Deadly weapon-related
open-globe injuries: outcome assessment by the ocular trauma classification
system. Am J Ophthalmol. 2000;129:47–53.
14. El-Asrar AM, Al-Amro SA, Khan NM, Kangave D. Visual outcome and
prognostic factors after vitrectomy for posterior segment foreign bodies.
Eur J Ophthalmol. 2000;10:304–11.
15. Jonas JB, Knorr HLJ, Budde WM. Prognostic factors in ocular injuries caused
by intraocular or retrobulbar foreign bodies. Ophthalmology.
2000;107:823–8.
16. Tomic Z, Pavlovic S, Latinovic S. Surgical treatment of penetrating ocular
injuries with retained intraocular foreign bodies. Eur J Ophthalmol.
1996;6:322–6.
17. Greven CM, Engelbrecht NE, Slusher M, Nagy SS. Ocular foreign bodies:
management, prognostic factors and visual outcomes. Ophthalmology.
2000;107:608–12.
18. Cleary PE, Ryan SJ. Histology of wound, vitreous, and retina in experimental
posterior penetrating eye injury in the rhesus monkey. Am J Ophthalmol.
1979;88:221–31.
19. Cleary PE, Ryan SJ. Vitrectomy in penetrating eye injury: results of a
controlled trail of vitrectomy in an experimental posterior penetrating eye
injury in the rhesus monkey. Arch Ophthalmol. 1981;99:287–92.
20. Mieler WF, Ellis MK, Williams DF, Han DP. Retained intraocular foreign bodies
and endophthalmitis. Ophthalmology. 1990;97:1532–8.
21. Erakgun T, Egrilmez S. Prognostic factors in vitrectomy for posterior
segment intraocular foreign bodies. J Trauma. 2008;64:1034–7.
22. Choovuthayakorn J1, Hansapinyo L, Ittipunkul N, Patikulsila D, Kunavisarut P.
Predictive factors and outcomes of posterior segment intraocular foreign
bodies. Eye (Lond). 2011;25:1622–6.
23. Falavarjani KG1, Hashemi M, Modarres M, Parvaresh MM, Naseripour M,
Nazari H, et al. Vitrectomy for posterior segment intraocular foreign bodies,
visual and anatomical outcomes. Middle East Afr J Ophthalmol.
2013;20:244–7.
24. Chiquet C, Zech JC, Denis P, Adeleine P, Trepsat C. Intraocular foreign
bodies. Factors influencing final visual outcome. Acta Ophthalmol Scand.
1999;77:321–5.
25. Greven CM, Engelbert NE, Slusher SS, Nagy SS. Intraocular foreign bodies.
Management, prognostic factors and visual outcomes. Ophthalmology.
2000;107:608–12.
26. Park DH, Shin JP, Kim SY. Surgically induced astigmatism in combined
phacoemulsification and vitrectomy; 23-gauge transconjunctival sutureless
vitrectomy versus 20-gauge standard vitrectomy. Graefes Arch Clin Exp
Ophthalmol. 2009;247:331–7.
27. Yanyali A, Horozoglu F, Macin A, et al. Corneal topographic changes after
transconjunctival 23-gauge sutureless vitrectomy. Int Ophthalmol.
2011;31:277–82.
28. Kiss S, Vavvas D. 25-gauge transconjunctival sutureless pars plana vitrectomy
for the removal of retained lens fragments and intraocular foreign bodies.
Retina. 2008;28:1346–51.
29. Kunikata H, Uematsu M, Nakazawa T, Fuse N. Successful removal of large
intraocular foreign body by 25gauge microincision vitrectomy surgery.
J Ophthalmol. 2011;2011:940323.
30. Singh R, Bhalekar S, Dogra MR, Gupta A. 23-gauge vitrectomy with
intraocular foreign body removal via the limbus: an alternative approach for
select cases. Indian J Ophthalmol. 2014;62:707–10.
31. Gaudio AR. Intraocular foreign bodies: Albert DM, Jacobiec FA, eds.
Principles and Practice of Ophthalmology. Philadelphia: WB Saunders
Company. 200:2514–2530
32. Gopal L, Bauker AS, Deb N, Badrinath SS, Sharma T, Parikh SN, et al.
Management of glass intraocular foreign bodies. Retina. 1998;18:213–20.
33. Karel I, Diblik P. Management of posterior segment foreign bodies and
long-term results. Eur J Ophthalmol. 1995;5(2):113–8. PubMed
PMID:7549439.
34. Bai HQ, Yao L, Meng XX, Wang YX, et al. Visual outcome following
intraocular foreign bodies: a retrospective review of 5-year clinical
experience. Eur J Ophthalmol. 2011;21:98–103.
35. Maneschg OA. Resch M, Papp A, et al.:Prognostic factors and visual
outcome for open globe injuries with intraocular foreign bodies. Klin Monbl
Augenheilkd. 2011;228:801–7.
36. Wickham L, Xing W, Bunce C, Sullivan P. Outcomes of surgery for posterior
segment intraocular foreign bodies a retrospective review of 17 years of
clinical experience. Graefes Arch Clin Exp Ophthalmol. 2006;244:1620–6.
37. Wani VB, Al-Ajmi M, Thalib L, et al. Vitrectomy for posterior segment
intraocular foreign bodies: visual results and prognostic factors. Retina.
2003;23:654–60.
Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
Yuksel et al. BMC Ophthalmology  (2015) 15:75 Page 6 of 6
